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I, INTRODUCTION

The purpoee of this report is to reccemend realistic and economical
cooldown procedures for E-Zone Cryogenic Systems associsted with the M-1 Engine

Test Facilities under centraets NAS 8-4014 and NAS 8-4015. It is the intent at

P e ——
this time to establish the feasidbility of a generalized procedure, not to
develope detailed operstional procedures. Recemmendatiens presented here have

been formulated after a comprehensive study of all available engineering reporte,

'IIIII' IIIII' IIIIII' IIIIII' 'lllll 'IIIII' lIIII. 'Illll 'IIII' IIIIIIl llllll 'IIII. llllll'. "

design calculatiens and technical discussions related to the physical and
operational festures of the E-Zone Turbe Pump Assembly Test Facilities,
Test Staands El and E3. Operatioenal cooldown proecedures will be developed by
Liquid Focket Plant Test Division prior to and during activation of the Test
Facilities. \

Preliminary Aerojet-General Corporation studies which led to the
development of system design criteria were supplemented by consultant contracts
to Linde Company and AiResearch. During the process of design, criteria re-
visions were incorporasted when it became apparent that unforeseen problems
existed in the original system concept. As a result of constant review by
Aercjet and NASA, the Cryogenic Systems now in the final phase of procurement
are sdaptable to the cooldown procedures here recommended.

The Cryogenic‘éyltm* in BE-Zone consist in general of LH, and LOp
storage facilities and small diameter trensfer lines; off-stand LHp and LOp
vacuum insulated run and catch vessels; on-stand LHp and L0, vacuum insulated

transient run vessels supplying propellant through suction lines to the TPA
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positions; on-stand high pressure Lip and 1Op vacuum insulated GGA run vessels;
large dismeter Li, and 1Oy run lines between off-stand and on-stand vessels;

and large dismeter discharge lines from the TPAs to the respective catch
vessels. These systems are defined schematically by Figures 1 and 2, Cool-
mmmm-naunurw,mmapxpugmmnuuu
within the realm of ecempetance of existing AGC/LRP operstionsl procedures and

_pnommwwmblms therefore, this report will deal strictly wvith the

basie procedures sssoeiated vith the large dimmter piping, the off-stand run
and catch vessels and the heavy wall onestand run vessels., All conelusions

and recommendstiens contained herein are in agreement with studies yrepared

by the Camputer Sciences Divisien at Von Xarman Center, Azusa, Califurnis, sod
are included as Appendix A.
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II.  TECHNICAL DISCUSBION

thmm%m%mmmmmmmbnmw
flexibility anslysis and have been determined adequate from the standpoint

 of coutrection and expansicn due to steady state thermal variations. The fact

that precooling technigues are required to assist in activation eof the Lip
systems was ryecognized by Adrejet as early as 15 Hovember 1962 and cutlined
briefly in Progress Report No. 4, Resident Contrmet P O A 290676; however,
at that time theyre sppesred to be several fessible methods for step cooldown

‘ '
¥
¢ E

o:mgnmwmxnnmammmtmumauumm'mempm
mlhmwmmunuinmmyorwnum. The
mmxwmmmntﬁmn‘auﬁhmﬁmm
available; however, two besic spproaches were considered:
1.  Precool with ILNp
2. Precool with cold ONp or GHp
The first approach offered 2 savings in LEp; however, to effectively
umwzmmmw,mmmcoumemwwmmmwmt;m
Wmiadmmgfmaw&um:nmupipifa,v&mmd
vessels could prove cestly, time conmuming, and the task of determining vhen
the LK,/Lig was thoroughly svecusted would be exosedingly difficult.
In early October 1963, the decision was made to proceed with develomment

”Lﬂzmmmmmlﬁthumwhichmupwm

from the coutractor far the Lip piping system. Alternate methods of coeling
the LB piping system te be considered vere as follows:
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.. h 1.  Consider shocking the piping system with a fast moving

\. froat of Lip meving st & velocity sufficient to prevent bowing due to
stratified - two-phage flow,

| | 2,  Consider applylng a satursted LE, vapor to the piping

‘ aystem by establistment of stemization stations aslong the run of piping.

| 3.  Consider the use of a sperging line within the large

l dismeter veowm insulated piping systems which would allow simultansous
mionatmgiaumswatmminm within the gystem.

' k, Consider precocling of the piping system with cold GH,

Lip piping from the systes piping contractor, the parsllel study by AETRON,
mmww'mm&m Division of Ven Karmea Ceater,

'. . was scoslevsted. &nuummﬁmmmxd'm@&wbul%3.ﬁemd

‘3 by cognizsnt persennel from NASA, LRP and AETRON at which time Aerojet

. recommended that sll attentien be c;necnmtod upon eatablishing s cooldcwn

. procedure utilizing cold gas. The source of cold GH or 0o gas was established
as capabls of being supplied from either the off-gtand run or cateh vessels.

\l Aerojet furthe? stated thst alternstive methods for system cooldown had been

| proven usfessible dus te unreassuable facility cost incresses or probeble over

' » stress of system components during aecldewn.

Cooldown studies by the Computer Sciences Divisien of Von Karman Center
have been completed and have been uﬁlizﬁwdlwlupgm following procedures
mmmwbﬁgm,lﬂzw‘b&mm&w&d cryogenic
vessel sywtems.
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A.  LE; SYSTEM COOLDOWS PROCEDURES

1.  Provide GNp purge through vessel V-El, run line te V-E33,
V-E21 and V-E9; vessels V-E33, V-E9; suctien lines FTPA, GGA and the discharge
line frem the FTPA to0 vessel V-E2,

2. Sweep purge same system vith vam GHp.

3. Initiate rilling of vessels V-El and V-E2 threugh pre-
vicusly oseled k" dismeter transfer lines. F11l with LH, at rate of 900#
per heur fer appreximstely one hour until steady state conditien of cooldown
is schieved.

A,  Pressurize V-El er V-E2 to approximstely 100 pei with

5. Relieve oeld GHy threugh piping system c‘:mm-rmv-n

in the directien of normal liguid flow, cr frem V-E2 in the directien counter
to noxmal liquid flow.

6. Regulate rate ef gas flow vith Hammel-Dahl flew centrol
valves to_provide a flov rate of 500f/heur in the reverse directien of flow
or 1500#/hour in the nowmal direction of flow, st & maximm velocity ef
50 feet/second.

7.  Attain an exbsust gas tempermture of 200°R at extrems end
of system, after which system may underge fill operation at normal speed.

8. Maintain LH, system in a chilled condftion by venting boil-
off goses from V-E2 thru the discharge line by passing the TPA then thru on-
stand run vessels and the prepellsnt run line to the eff-gtand run vessel V-El.
m-munmmmmatummmpnm:;oram%
This system of cocldewn has the sdvantage of utilizing the maximum latent and
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sensible hest capabilities of the fluld hydrogen, and will provide relstively
uniferm texperatures scross the diameter ef the piping.

The procedure just described can be accammodated by the existing
LE, piping systems through the addition of twe 4" diamster vacuum jacketed by
pass aystems as follaws: ‘

1. Frovide a 4" vacuum jacketed by-pass line frem the suetion
side of the FIPA to the discharge side. A detail description of this minor
additien to the vemam Jaeketed piping is described in M-1 Criteris Change,
¥~1-1136. .

2, Provide a 4" vacuum jacketed by-pass line from the vent

the cogldown procedure to proceed in either direction, from the vessel V-EL
threough the system to the cateh vessel V-ER, or in the oppesite direction frum
V-E2 threugh the system to the run vessel V-El, This revisien is described

by M-l Criteria Change x—:.-ua'r"'. Figure 2 is an isometric drawing of the
large diameter LH, piping system., Existing aystems are shown in heavy

‘bluk lines and the supplementsl piping required to implement effective

cooldewn is shewn in dashed lines. Appendix A to this repert entitled
meumcmmwmr%mmgsntu“,
prepared by the Computer Sciences Divisien st Ven Xarwan Center provides
supperting calculatiens lod.uc to theicerrelatien of pping system
temperetures vs, component stress and indicates the vent temperature which
should be ebtained prier to imtroduction of fluid to the system. As a part
ef the study, a computer pregrem vas set up to determine the time nquired‘to
coaldewn the diseharge line frem the TPA to the cateh tank V-E2. DBased on the
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results of that study, it is estimated that oversll system cooldovn can be
accemplished to a safe temperstuss for introductien of fluid within 2k heurs
after GI, cold gas veating is initisted. Calculstions have been prepared
whieh indicate that the bowing effect en the LEy pips systems during
controlled cesldewn and dyring periods of standby will be minimized since
the development of large thermal gradients acress the dismeter 1 prevented.
B. Lo, STSTRM:COOLDWN PROCEDURES

1. Purge vessel V-E10, run line te V-Flh, V-E32 snd V-El12;

on-stend run vessels V-E12, V-Elb and V-E32; suction line to the OPTA and the

digcharge line frem OPTA te V-Ell with (.
sve a steady state vessel

- .

cosldown cendfitien.

3.  Pressurise vessel V-E1D or V-ELl to 100:pei with the liquid
level at spproximstely she 1/2 peint at 500#/hour.

k.  FRelieve celd GN/COp mixture through the L0z pipe eystem
either from V-EI0 in the direction of nermal flow or frem V-ELL in the counter

direction te normal liquid flew.
s. Fegulate the rate of gas flow with Hemmel-Dahl flew control

valves te 7,000f/heur in the reverse directien of flew or 21,000#/heur in the
nermal direction of flov.

6. Mc&'kmwwopimmunmutw
state exhaust gas tempereture of 360°R 1s attained in the vent gas system after
vhich the run vessel can be topped off and cryegenie fluid introdueced to the

piping system. -
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7. Sinod the LOp piping systems are not insulated, cryogenic
l11quid cannot de allowed to remain in the horizental piping runs for long
porisds of time after the test is completed. Quick drmining ef the L0 piping
systems vill be required in oxder to prevent bowing of the large diameter
piping due to warmeup of the cuter wall and subsequent stratification of the
contatined flufd inte vapor and fluid phases thus causing a nen-uniform tem-
pereture distribution across the pipe diemeter. Lov point bleeds in the LOa
piping system will be utilived to drew off liquid exygen into portsble tank
trailers or for pumping back to storage. Varm gas purging or inerting of the

laywe diameter partially liguid filled piping should not be permitted since

of non-uniform tempersture distribution scross the pipe dimmeter. Appendix A

Mmznma_wwtmmmmmgmwmum-
ehilled te 360°R in owder that liquid can be introduced to the system without
over-stressing of the associated components.

| The procedure described for chilldewn of the L3p piping system
can be accammodated by the addition to the existing LO, piping system of one
4" dlameter by-pass system described as follows:

1. Provide a 4" stainless steel by-pass line frem the sugtien
side of the OTPA te the discharge side,. m-.by-muuvinbesmww
the LEs bye-pass line described in M-l Criteria Change 24-1-11361.

2. Provide a 4" stalnlsss steel Ly-pass line from the vent of
V-E10 te the discharge side of the vessel, similarly to the LH, by-pass
described 1n M-1 Criteris Change M-1-11372,
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C.  THICKWALL CRYOGEWIC VESSEL COOLDOWH PROCEDURE
Cooldewn of the high pressure GGA LH, and LOp run vessels
V-E9 and V-E12, will be accomplished by bleeding cryegenic liquid into the
bottom of the vessels through:the 'smll diameter £11l1 line until a pool depth
of 1.8 feet is resched, after which filling should cease until the pool has
flashed off. Repeat this procedure twice at 20-minute intervals after vhiech
the vessels may be filled at a rate of 500+/hour until they are filled. The
vessel nyata; will require gppreximately 2l-hours to reach stesdy state tem-
perature conditions. Techniecal justiffcation for the procedures recommended

are presented in Appendix A of this report.
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IIT,  CONCLUSIGES AND RECCMMENDATIONS

Camprehensive temperature gradient determination studies and stress
mudw&cmmmwmmomzmww
eryegenic fluids were reviewed bytisrojet. These - studies are included as
part of Appeadix 4, and they formed the basis for the conclusion that large
diemeter components of varying cross-section should not be shocked by direct
contact with massive flews of cryogenic fluids, It was concluded that large
dismeter high pressurs piping systess should Le prechilled to a predetermined
tempereture prior to cold shocking with Lip or LD,.

Mumawwmuermmgwﬂmammity

*Wt&tmmmyMwmmnmmmmmamw

uunmwm;nmznmmamamemqwmmnn.
nnmntmwtmtmncmnﬁgpipingmm

revisions, described in Refereace 1 and 2, and IOp piping system revisions

described in Sectiocn II-B of this report be approved. It is intended that
current constructien centrects for the Li, and 10y systems will be smended

to incorporate the by-pess piping required to implement the cooldewn procedure
described under Section II, the technical gection of this report.
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Isometric LH2 System
Iscmetric Loa Systen

FIGURES

1.
2.
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